ABSTRACT Background: Refraining from breastfeeding to prevent HIV transmission has been associated with increased morbidity and mortality in HIV-exposed African infants. Objective: The objective was to assess risks of common and serious infectious morbidity by feeding mode in HIV-exposed, uninfected infants #6 mo of age with special attention to the issue of reverse causality. Design: HIV-infected pregnant women from 5 sites in Burkina Faso, Kenya, and South Africa were enrolled in the prevention of mother-to-child transmission Kesho Bora trial and counseled to either breastfeed exclusively and cease by 6 mo postpartum or formula feed exclusively. Maternal-reported morbidity (fever, diarrhea, and vomiting) and serious infectious events (SIEs) (gastroenteritis and lower respiratory tract infections) were investigated for 751 infants for 2 age periods (0-2.9 and 3-6 mo) by using generalized linear mixed models with breastfeeding as a time-dependent variable and adjustment for study site, maternal education, economic level, and cotrimoxazole prophylaxis. Results: Reported morbidity was not significantly higher in nonbreastfed compared with breastfed infants [OR: 1.31 (95% CI: 0.97, 1.75) and 1.21 (0.90, 1.62) at 0-2.9 and 3-6 mo of age, respectively]. Between 0 and 2.9 mo of age, never-breastfed infants had increased risks of morbidity compared with those of infants who were exclusively breastfed (OR: 1.49; 95% CI: 1.01, 2.2; P = 0.042). The adjusted excess risk of SIEs in nonbreastfed infants was large between 0 and 2.9 mo (OR: 6.0; 95% CI: 2.2, 16.4; P = 0.001). Between 3 and 6 mo, the OR for SIEs was sensitive to the timing of breastfeeding status, i.e., 4.3 (95% CI: 1.2, 15.3; P = 0.02) when defined at end of monthly intervals and 2.0 (95% CI: 0.8, 5.0; P = 0.13) when defined at the beginning of intervals. Of 52 SIEs, 3 mothers reported changes in feeding mode during the SIE although none of the mothers ceased breastfeeding completely. Conclusions: Not breastfeeding was associated with increased risk of serious infections especially between 0 and 2.9 mo of age. The randomized controlled trial component of the Kesho Bora study was registered at Current Controlled Trials (www.controlled-trials.com) as ISRCTN71468401.
INTRODUCTION
Since 1981, the WHO has emphasized the protection and promotion of breastfeeding in resource-limited settings (1) because of its well-documented positive effects on infant infectious morbidity and mortality (2) (3) (4) . However, accumulating data regarding risk of mother-to-child transmission of HIV type 1 through breast milk (5, 6) and the expanding HIV epidemic prompted United Nations agencies to recommend the complete avoidance of breastfeeding by HIV-infected mothers when safe and acceptable or, in women who started breastfeeding, to practice exclusive breastfeeding (EBF) 7 and wean rapidly by 4-6 mo postpartum (7, 8) . Subsequently, evidence of high mortality of nonbreastfed or early weaned infants born to HIV-infected mothers has been published (9) (10) (11) as have data on the protective effect of antiretroviral use by mothers or infants with respect to the breast-milk transmission of HIV (12) (13) (14) . Therefore, it is now recommended that breastfeeding in HIV-infected women be continued throughout infancy while using antiretrovirals (15) .
Although several studies have quantified differences in morbidity by feeding mode in HIV-exposed infants (16) (17) (18) (19) , the potential drawback of reverse causality (i.e., mothers changing feeding mode in response to infant illness) has not been considered to our knowledge, and some studies did not distinguish between HIV-infected and -uninfected infants. Also, most published data were collected before the era of the antiretroviral-based prevention of mother-to-child-transmission during pregnancy and postpartum.
The objective of this analysis was to test for an association between the infant feeding mode and infectious morbidity of HIV-exposed, uninfected infants during the first 6 mo of life in the Kesho Bora trial conducted in Burkina Faso, Kenya, and South Africa. We hypothesized that 1) not breastfeeding would be associated with increased morbidity risks compared with ongoing breastfeeding also in analyses that minimized reverse causality, 2) EBF would be associated with lower risks than predominant and partial breastfeeding, and 3) excess risks would be greatest during the first months of life.
SUBJECTS AND METHODS

Kesho Bora study
The Kesho Bora trial was a randomized controlled trial (RCT) (20) . Pregnant, HIV-infected women at ,32 wk of gestation with WHO clinical stage 1, 2 or 3 disease and a CD4 count of 200-500 cells/mm 3 were eligible for enrollment. The triple-antiretroviral group received a combination of 3 antiretrovirals from 28 to 36 wk pregnancy up to 6.5 mo postpartum (or breastfeeding cessation if earlier). The standard prophylaxis group received zidovudine and single-dose nevirapine. All infants received a dose of nevirapine preferably within 72 h of birth.
The study was conducted in Bobo-Dioulasso, Burkina Faso, Nairobi and Mombasa, Kenya, and Durban and a rural area of KwaZulu-Natal, South Africa. Enrollment took place from January 2005 to August 2008. Ethical clearance was given by the ethical and regulatory committees in Burkina Faso, Kenya, and South Africa and at the WHO and the U.S. CDC. The study was conducted in accordance with the Helsinki Declaration of 1975 as revised in 1983, and all women provided written informed consent.
Infant feeding counseling was conducted antenatally and after delivery until the complete cessation of breastfeeding following WHO guidelines. Women were counseled to either breastfeed with complete cessation by 6 mo of age or formula feed from birth. The importance of EBF was emphasized together with the modalities of the weaning process to be conducted either over 2 wk or within 1-2 d (in South African sites) in accordance with national guidelines. Demonstrations of formula preparations were performed, and free formula was provided for infants from birth until 6 mo of age as appropriate.
In Bobo Dioulasso, Mombasa, and Nairobi, cotrimoxazole prophylaxis was provided to all infants from the age of 6 wk and throughout infancy except in case of adverse events. In South Africa, prophylaxis was stopped before the age of 6 mo in neverbreastfed and early weaned infants (if HIV-uninfected at the age of 6 wk). All medical care was provided free of charge.
Data collection
Maternal background data were collected at enrollment (i.e., during pregnancy). Infant sex and birth weight were collected at a neonatal visit (at ,7 d after delivery) from hospital files (birth weight was missing for home deliveries). Postnatal visits were scheduled at 2, 4, 6, and 8 wk of age and, thereafter, monthly until 1 y of age. At each visit, data were collected on items fed to the infant since the preceding visit (since birth for the 2-wk visit). Infant feeding data were collected by an interviewer different from the infant feeding counselor (except in the BoboDioulasso study site). In case of breastfeeding cessation since the preceding visit, the precise date of cessation was noted.
Interviewers also inquired about infant morbidity since the preceding visit by using the following symptoms (according to mothers' definitions): acute diarrhea, chronic diarrhea (duration $2 wk), vomiting, fever, convulsions, and, for sites in Burkina Faso and Kenya only, runny or blocked nose, cough or dyspnea, constipation, and ear problems. Reported symptoms, clinical signs, and laboratory abnormalities were graded according to the Division of AIDS/National Institute of Allergy and Infectious Diseases adverse event tables (21) . Clinical events of grade $3 (i.e., events associated with death, admission to hospital, prolongation of hospital stay, significant disability or incapacity, or life threatening) were defined as serious adverse events (SAEs). The date of onset of symptoms and any changes in infant feeding as a consequence of these symptoms were noted. All SAEs were followed up until complete recovery or death, and often more than one report per episode was available. For infant deaths, the breastfeeding status (yes compared with not) at the time of death was recorded. In addition to scheduled visits, mothers were encouraged to bring their infants to the clinic in case of illness.
The HIV-infection status of all infants was assessed by using a quantitative RNA-polymerase chain reaction test at age 6 wk and 12 mo (22) . For infants confirmed positive at age 12 mo (or at the last stored sample in case of death or loss to follow-up before then), samples collected at the following ages were tested to estimate the timing of infection (14) : at birth, 2 and 6 wk, and 3, 6, and 9 mo.
Study population and definition of variables
Live-born singleton infants (or the first born of multiplegestation pregnancies) who had a neonatal visit form completed and were not lost to follow-up during the first month of life were considered in the analysis. Infants diagnosed with HIV infection by 6 wk of age were not eligible for the analysis because of their 7 Abbreviations used: EBF, exclusive breastfeeding; LRTI, lower respiratory tract infection; RCT, randomized controlled trial; SAE, serious adverse event; SIE, serious infectious event.
high morbidity/mortality risk and the well-known association of infectious morbidity and breastfeeding (11, 19, 23) .
Common infectious morbidity was defined as maternaldefined fever, acute or chronic diarrhea, or vomiting. Because cough and dyspnea were not collected in all sites, these symptoms could not be included in the main analysis but were included in a subanalysis for Bobo Dioulasso, Mombasa, and Nairobi. Morbidity declared at the first postnatal visit (i.e., at 2 wk of age) was not included in the analysis. Serious infectious events (SIEs) were defined as SAEs that resulted from gastroenteritis or a lower respiratory tract infection (LRTI). Infant age at an SIE was defined as the date of onset of the SIE minus the date of birth divided by 30.4 . When the date of onset of the SIE was missing, it was replaced by date of notification of the SIE. SIEs that started during the early neonatal period (i.e., before age 7 d) were excluded from the analysis because the direction of causality between the illness and feeding mode was uncertain. Only the first report of a given SIE was included. The risk set for SIEs was composed of infants not lost to follow-up at the end of the monthly interval under study, even if they had not attended the scheduled visit, whereas the risk set for recalled morbidity was restricted to infants present at scheduled visits.
Breastfeeding mode was coded as exclusive, predominant, or partial. EBF was defined as no other foods or fluids other than breast milk except for modern medicine and vitamin drops. Predominant breastfeeding included breast milk and other fluids (e.g., water, sugar water, tea, and juice), whereas partial breastfeeding included breast milk plus other foods including formula (24) . A cross-sectional infant feeding category was created for each visit on the basis of data available for that visit. Thereafter, a longitudinal (i.e., since birth) variable was created for each visit on the basis of data available from all visits up to that age as described previously (25) . In the remainder of the current article, breastfeeding categories refer to the longitudinal definition.
Infant feeding mode was defined for each monthly interval. We first used the binary variable breastfeeding yes compared with no, and, thereafter, a variable with 5 modalities as follows: never breastfeeding, weaned, and partially, predominantly, and exclusively breastfeeding. In the analyses, nonbreastfeeding infants refer to infants who were not breastfeeding during the interval under study irrespective of whether they were weaned or never breastfed. Because few women reported prolonged breastfeeding into the second half of infancy, the analysis was restricted to the first 6 mo of life.
An indicator of economic status was constructed by using a multiple-correspondence analysis of 8 household assets (electricity, refrigerator, radio, television, telephone, source of water, type of toilet, and type of fuel for cooking) and divided into 3 groups of increasing economic levels by using country-specific tertiles.
Statistical analysis
Risk factors for morbidity were assessed by using a generalized linear mixed model [xtmelogit command in Stata software (version 12.1, Stata Corp.)] that took into account the timedependent nature of infant feeding and cotrimoxazole prophylaxis and the possibility of repeated morbidity episodes per age period. The analysis considered 2 age periods (0-2.9 and 3.0-6.0 mo) separately because the impact of infant feeding on morbidity is likely to be age dependent. For both periods, the analysis included 3 intervals (i.e., 0-0.9, 1.0-1.9, and 2.0-2.9 mo and 3.0-3.9, 4.0-4.9, and 5.0-6.0 mo, respectively). Hence, at most, 3 morbidity episodes could be considered for a given age period (i.e., one episode per interval). Subjects were censored at the earliest event in the following: loss to follow-up, age 6 mo, and, for those who were HIV infected by 12 mo of age, at their last negative polymerase chain reaction test.
The dependent variable was infant morbidity of either reported morbidity or an SIE. For the former, a sensitivity analysis was conducted including cough/respiratory difficulties in the definition of morbidity for the 3 study sites in which these symptoms were collected (Bobo Dioulasso, Mombasa, and Nairobi) and the entire 0-6-mo age interval. For the latter, a sensitivity analysis was conducted after the exclusion of SIEs that led to infant death within the same month to make the analysis of morbidity independent of previously reported mortality (26) . Because of the limited number of events, the 0-6-mo age interval was used for the latter analysis, and it was not possible to analyze lethal events independently.
The main independent variable was the infant feeding mode either as a binary variable (breastfeeding yes compared with no) or a 5-category variable, both of which were defined at the end of each monthly interval. However, for the analysis of SIEs, predominant and partial breastfeeding were pooled into one category of non-EBF because of a lack of events in some subgroups, and infants who died of gastroenteritis or LRTI during the interval were assigned the feeding mode defined at their last visit. Sensitivity analyses used the feeding mode before the onset of an SIE to reduce risk of reverse causality between a SIE and breastfeeding (binary variable only). First, breastfeeding status was defined at the beginning of the monthly interval in which SIEs were reported to begin and, thereafter, at 7 d before the reported onset of SIEs. Other independent variables were child sex, intervention arm, low birth weight (,2500 g), delivery mode (vaginal, emergency cesarean, and elective cesarean), maternal education (primary, secondary, and none), professional activity (any compared with none), CD4 cell count at delivery (#350 and .350/mm 3 ), economic level of the household, and cotrimoxazole prophylaxis (time dependent: any compared with none since the last visit). Missing values (for birth weight and CD4 cell count at delivery) were considered as specific modalities in the analysis. Factors were included in multivariate models if they were associated with morbidity with a P value ,0.20 in univariate regression analyses for at least one of the 2 age intervals under study. The age group and study site were adjusted for in all analyses. The issue of reverse causality was also dealt with by using a direct approach whereby maternal reports of changes in feeding mode during SIEs were investigated including all reports of a given SIE.
Chi-square tests were used for the comparison of categorical variables across feeding categories and study sites. SAS (version 9.3; SAS Institute) and Stata (version 12.1; Stata Corp.) statistical software programs were used for the analyses, and tests were considered significant at P , 0.05.
RESULTS
Size and characteristics of study population
In 805 live-born infants of women enrolled in the Kesho Bora RCT, 6 infants died, 2 infants were lost to follow-up during the first week of life, 8 infants moved or withdrew before 1 mo of age, and an additional 2 infants died between ages 1 wk and 1 mo (from an illness different from diarrhea and an LRTI). Thirty-six infants were diagnosed as HIV infected by 6 wk of age. Therefore, the analysis presented here comprised 751 infants (366 boys and 385 girls).
Characteristics of the study population are shown in Table 1 . The socioeconomic level of mothers was generally low, albeit with important variations across study sites. Burkinabe mothers had the lowest levels of education and access to piped water and the highest rate of low-birth-weight infants. Conversely, South African mothers had the highest level of education and access to electricity. Breastfeeding initiation rates were greatest in Bobo Dioulasso and lowest in Durban (Table  1) , but from 4 to 6 mo of age, breastfeeding was least frequent in Kenyan sites (78%, 32%, 33%, 41%, and 53% for BoboDioulasso, Mombasa, Nairobi, Durban, and rural KwaZuluNatal, respectively, at 4 mo of age; P , 0.001). The duration of cotrimoxazole prophylaxis also varied by study site; in Durban and rural South Africa, cotrimoxazole prophylaxis was discontinued by 4 mo of age for 95% of never-breastfeeding infants, whereas in the 3 other sites, virtually all infants still received prophylaxis at 6 mo of age irrespective of the infant feeding mode (results not shown).
Prevalence of morbidity
The average prevalence of reported infant morbidity (fever, acute or chronic diarrhea, and vomiting) was 179 and 241 events/1000 infant-months for infants 0-2.9 and 3-6 mo of age, respectively ( Table 2) . With consideration of the 2 most frequent symptoms independently, the prevalence was 135 compared with 169 events for fever and 49 compared with 98 events for acute diarrhea for the 2 age intervals, respectively.
When cough and dyspnea were added to the morbidity definition, the prevalence rose from 214 and 280 events/1000 infantmonths for the 2 age intervals, respectively, to 316 and 412 events/1000 infant-months, respectively, for Burkinabe and Kenyan infants. There were 27 events of severe morbidity (including 9 deaths) between 0 and 2.9 mo of age and 25 events of severe morbidity (including 9 deaths) between 3 and 6 mo of age or 12.2 and 11.9 events/1000 infant-months of exposure, respectively. Twentyfour infants suffered from gastroenteritis, and 28 infants suffered from an LRTI; 31 infants (59%) were hospitalized.
The intervention arm (i.e., triple antiretroviral compared with zidovudine and single-dose nevirapine) was not associated with either reported morbidity (180 compared with 178 and 247 compared with 236 events/1000 infant-months between 0 and 2.9 and 3 and 6 mo of age, respectively; P . 0.20 for both) or SIE (11.6 compared with 12.9 and 13.1 compared with 10.7 events/ 1000 infant-months between 0 and 2.9 and 3 and 6 mo of age, respectively; P . 0.20). Similarly, maternal CD4 cell count at delivery was not associated with infant morbidity (P . 0.20; data not shown). Thus, these variables were not included in subsequent analyses.
Infant feeding mode as a risk factor for reported morbidity
Nonbreastfeeding infants tended to have greater adjusted risk of maternal-reported morbidity (diarrhea, fever, or vomiting) between 0 and 2.9 mo of age as did infants in the lowest economic tertile, but excess risks were not significant ( Table 3) . However, neverbreastfeeding infants had increased risks compared with those of infants who were exclusively breastfed (P = 0.04). Between 3 and 6 mo, no significant risk factors were identified. Cotrimoxazole prophylaxis and the level of maternal education were not independently associated with morbidity in either age interval.
For the entire 0-6-mo age interval, nonbreastfeeding infants tended to have greater morbidity risks than did breastfeeding infants (OR: 1.22; 95% CI: 0.99, 1.50; P = 0.058).
When acute diarrhea was analyzed independently, nonbreastfeeding infants had increased risks between 0 and 2.9 mo of age compared with those of breastfeeding infants (OR: 1.56; 95% CI: 1.01, 2.40; P = 0.043) as did infants who were never breastfed compared with EBF infants (OR: 2.14; 95% CI: 1.23, 3.73; P , 0.01). Between 3 and 6 mo of age, no significant differences were shown for either nonbreastfeeding infants (OR: 1.34; 95% CI: 0.89, 2.02; P = 0.17] or weaned or neverbreastfeeding infants (data not shown). Between 0 and 6 mo of age, acute diarrhea was increased in nonbreastfeeding infants (OR: 1.40; 95% CI: 1.05, 1.88; P = 0.024) but not in those weaned or never breastfeeding (data not shown).
Fever was not independently associated with nonbreastfeeding in either age interval [OR: 1.29 (95% CI: 0.91, 1.81; P = 0.15) and 1.19 (0.68, 2.32; P . 0.20) between 0 and 2.9 and 3 and 6 mo of age, respectively] or from 0 to 6 mo of age (data not shown). However, between 0 and 2.9 mo of age, infants who were partially breastfed or weaned tended to have higher risks than EBF infants did [OR: 1.63 (95% CI: 0.97, 2.73; P = 0.066) and 1.57 (95% CI: 0.96, 2.55; P = 0.072), respectively].
In a subanalysis including cough and dyspnea for 3 of 5 study sites, excess risk for the 0-6-mo age interval was 1.28 (95% CI: 1.02, 1.61; P = 0.035) in nonbreastfeeding infants and 1.46 (95% CI: 1.00, 2.11; P = 0.048) in never-breastfeeding infants compared with exclusively breastfeeding infants.
Infant feeding mode as a risk factor for SIEs
Between 0 and 2.9 mo of age, not being breastfed was associated with 6-fold excess risk of experiencing at least one SIE (P = 0.001; Table 4 ). Infants who never breastfed had 9-fold Infectious morbidity comprised all episodes of diarrhea, fever, and vomiting. SIEs comprised all diarrheal and lower respiratory disease episodes; early neonatal events (from 0 to 7 d of age) were not included. EBF, exclusive breastfeeding; RCT, randomized controlled trial; SIE, serious infectious event.
greater risks, and infants weaned tended to have greater risks than exclusively breastfeeding infants did [OR of 8.8 (95% CI: 2.3, 33.8; P = 0.001) and OR of 4.3 (0.97, 19.2; P = 0.056), respectively]. Infants in the lowest economic tertile also had increased risks (P = 0.03), whereas maternal education was not independently associated with an SIE (Table 4) . Between 3 and 6 mo of age, not being breastfed was associated with 4-fold higher risk of SIEs (P = 0.02; Table 4 ). Primary level maternal education was associated with a significantly increased OR compared with that for secondary level maternal education.
Between 0 and 6 mo, the OR for nonbreastfeeding infants was 5.3 (95% CI: 2.42, 11.8; P , 0.001), and no other variables were independently associated with an SIE. There was no interaction between the age period and breastfeeding status (P = 0.20).
When infant feeding was analyzed as a 4-modality variable, non-EBF (i.e., predominant and partial breastfeeding pooled) was not significantly associated with risk of SIEs compared with for EBF (Table 4) . During the first 3 mo of life, never-breastfeeding infants had 9-fold increased risk of an SIE (P , 0.01), and weaned infants had 4-fold (nonsignificant) excess risk. Between 3 and 6 mo of age, neither weaned nor never-breastfeeding infants had significantly increased risks of an SIE (Table 4) .
Sensitivity analyses that used breastfeeding status at the onset of each interval, instead of at the end provided similar ORs of SIEs associated with not breastfeeding between 0 and 2.9 mo of age (7.5; 95% CI: 2.7, 20.9; P , 0.001) but lower and nonsignificant excess risks between 3 and 6 mo of age (2.0; 95% CI: 0.8, 5.0; P = 0.13). The interaction between age and breastfeeding status was significant in analyses of the entire 0-6-mo age period (P = 0.048; data not shown).
Breastfeeding status at 7 d of age before SIEs did not differ from that defined at the onset of intervals between 0 and 2.9 mo of age, whereas the OR between 3 and 6 mo of age was 3.2 (95% CI: 1.2, 8.6; P = 0.02).
When lethal events (n = 18) were excluded from the analysis, nonbreastfeeding infants still had significantly greater risks of an SIE than did their breastfed counterparts between 0 and 6 mo of age (OR: 4.0; 95% CI: 1.6, 10.1; P = 0.004), and this excess risk was similar for never-breastfeeding and weaned infants compared with for infants who were exclusively breastfeeding [OR: 4.5 ( 95% CI: 1.2, 16.3; P = 0.023) and 4.3 (95% CI: 1.1, 16.2; P = 0.033) respectively]. No excess risk was shown for infants who were predominantly or partially breastfeeding [OR: 1.6 (95% CI: 0.3, 9.6) and 0.9 (95% CI: 0.1, 8.6), respectively].
Qualitative evidence of reverse causality between breastfeeding and SIE More than 94% of mothers (49 of 52) reported not having changed the feeding mode as a consequence of SIEs. Two mothers reported changes in the feeding of their neonate during an SIE whereby one mother had to formula feed temporarily during hospitalization (thereby shifting to partial breastfeeding) and the other mother had stopped breastfeeding briefly without giving formula. A third mother stopped formula feeding temporarily in response to infant diarrhea at 3.5 mo postpartum. The exclusion of these infants did not change the conclusions of the analyses (results not shown). All values are ORs; 95% CIs in parentheses. Infectious morbidity comprised all episodes of diarrhea, fever, and vomiting. Infant feeding mode and cotrimoxazole prophylaxis were time-dependent variables, defined at the end of each monthly interval. Events during the first 2 wk of life were not included. Model 1 included breastfeeding mode as a binary variable, whereas model 2 used infant feeding mode as a 5-modality variable. Both models were adjusted for study site and age interval. EBF, exclusive breastfeeding; PBF, predominant breastfeeding; RCT, randomized controlled trial.
DISCUSSION
This analysis of infectious morbidity in 751 HIV-exposed, uninfected African infants showed that the absence of breastfeeding was associated with only slightly increased risks of maternal-reported morbidity and 4-to 6-fold greater risks of SIEs in the primary analysis. However, between 3 and 6 mo of age, results were less consistent in that excess risk of SIEs did not reach statistical significance in 1 of 2 sensitivity analyses.
In a recent analysis of mortality in the first 18 mo of age in the same population, nonbreastfeeding children had 7-fold greater mortality than that of their breastfeeding counterparts, and this difference arose mainly from the 0-6-mo age interval (26) . In the current report, HIV-infected infants were not included in the analysis, and excess risk remained when SIEs leading to death were excluded. Taken together, these results strongly suggest that serious morbidity and mortality are more breastfeeding dependent than are less-severe forms. In this way, the results differ from those of other studies of HIVexposed infants. In Tanzania, full breastfeeding (i.e., exclusive or predominant as compared with partial or none) was associated with a strong reduction in incidences of reported cough, acute diarrhea, fever, and outpatient visits between 0 and 6 mo of age but not of hospitalizations (27) . In a clinic in South Africa, the incidence rate ratio of clinically diagnosed diarrhea was greatly reduced in 0-3-mo-old infants if they were breastfed (28) . However, both of these analyses included both HIV-uninfected and -infected infants, and the latter infants are known to be very vulnerable to the absence of breastfeeding. In Kenyan uninfected HIV-exposed infants, the protection provided by breastfeeding was also greater for all pneumonia cases than pneumonia-related hospitalization (29) .
Breast milk contains numerous specific and nonspecific immunologic agents (30, 31) that protect against infection, particularly gastroenteritis and pneumonia (32) (33) (34) . The biological pathways through which breastfeeding might protect against the negative outcomes of acquired infectious disease include 1) a better nutritional status, which enhances immunologic defenses and buffers weight loss, 2) the frequent suckling pattern practiced in less-developed countries (35) , which prevents dehydration and compensates for electrolytic loss caused by increased fecal losses and high fever, and 3) the maintenance of infant desire for breastfeeding during illness when anorexia for solid and semisolid foods is frequently observed (36) . This advantage of breastfeeding might also exist compared with formula.
We investigated the existence of so-called reverse causality (i.e., when the mother changes feeding mode in response to a morbidity episode). We showed very limited direct evidence of such behavior in that few mothers reported to have made changes in infant feeding because of an SIE. As mentioned previously, defining breastfeeding at the onset of monthly intervals, instead of at the end, led to lower, nonsignificant adjusted excess risks of an SIE for nonbreastfeeding infants in the 3-6-mo age interval. This result might be explained by the following 2 phenomena: either a significant part of the excess risk was actually due to reverse causality (i.e., mothers who stopped breastfeeding in response to infant illness) or a significant proportion of SIEs occurred shortly after breastfeeding cessation (i.e., within the same month). With consideration that significant excess risk of SIEs was obtained when breastfeeding status was defined at age 7 d before the reported onset of the SIEs, it seems unlikely that the relation is explained by stopping breastfeeding in response to concomitant illness. However, we could not exclude that some mothers stopped breastfeeding because they perceived their infants as frail, perhaps in response to earlier illness episodes. Indeed, in a previous article, we showed that, in infants breastfed by 1 mo of age, those whose mothers reported an illness episode during neonatal life were more likely to be weaned between 1 and 3 mo of age (25) . In that context, it is reassuring that, in the previously mentioned publication on the relation between feeding mode and mortality risk up to age 18 mo, sensitivity analyses accounting for previous (reported) morbidity showed that such morbidity had little effect on estimated excess risks (26) .
The current study had several strengths. First, particular attention was paid to ruling out reverse causality. All mothers were asked whether they had made changes in the infant feeding mode since the onset of an SIE, and sensitivity analyses were conducted to assess whether associations with nonbreastfeeding were maintained beyond the weeks after weaning. Second, the analytic approach enabled us to take into account the occurrence of several events per child within each 3-mo period (i.e., #1 event/mo) while making optimal use of frequently collected data on infant feeding and its time dependency.
Some weaknesses are also worth mentioning. Reported morbidity data may have been affected by reporting bias in that nonbreastfeeding mothers might have been more anxious during infant-illness episodes and, therefore, more likely to report them than were breastfeeding women. SIEs were probably much-less sensitive to reporting bias because very precise standardized definitions were used. Infant feeding data were also potentially subject to reporting bias in that breastfeeding mothers were strongly advised to practice EBF, and some mothers might have avoided reporting non-breastmilk fluids or foods consumed by their infants. The advice to EBF also meant that we had limited statistical power to estimate ORs associated with partial and predominant breastfeeding.
In conclusion, reported morbidity overall differed only slightly by breastfeeding status at #6 mo of age, but nonbreastfeeding was associated with substantially increased risk of serious infectious morbidity in HIV-exposed uninfected infants living in 5 culturally and socioeconomically diverse settings in sub-Saharan Africa. We showed no clear evidence of reverse causality. Strong excess risk of SIEs associated with not breastfeeding is worrying because of the considerable human and technical resources invested in this RCT in mainly urban study clinics. Fatality rates associated with serious morbidity are likely to be higher in programmatic settings.
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